ABSTRACT Longevity, duration of the oviposition period, realized fecundity, potential fecundity, and egg fertility of the beet armyworm, Spodoptera exigua (Hü bner), were examined in the laboratory under three different adult diet regimes. All parameters were signiÞcantly reduced for the water-only diet compared with 10% honey or sucrose diets, except fertility, which could not be measured after 5 d because of high mortality of water-fed females. Oviposition was highest the night after mating and decreased in a logarithmic manner thereafter. In the carbohydrate-fed moths, 92% of lifetime realized fecundity occurred by the fourth night of oviposition. Although our data indicate that carbohydrates in the adult diet can increase realized and potential fecundity, most of the lifetime complement of oocytes (91%) is present at the time of eclosion from the pupa. Pupal weight was signiÞcantly correlated with lifetime potential fecundity, explaining 37Ð 66% of the variation among moths depending on adult diet, and this effect was substantial. Taken together, our results suggest that the bulk of variation in realized fecundity is generated in the larval stage, provided suitable oviposition substrate is available for the adults. This information will be important in understanding population dynamics of beet armyworm and to improving our ability to predict population outbreaks from sampling data.
BEET ARMYWORM, Spodoptera exigua (Hü bner), is a highly polyphagous pest, attacking many important crops worldwide (Hassanein et al. 1972 , Aarvik 1981 , Stewart et al. 1996 . Some of its hosts that occur in the Lower Rio Grande Valley of Texas include pigweed (Amaranthus spp.), bell pepper (Capsicum annuum L.), cabbage (Brassica oleracea L.), sunßower (Helianthus annuus L.), and cotton (Gossypium hirsutum L.). The beet armyworm is an increasingly damaging pest of cotton in the southern United States (Mascarenhas et al. 1998) . In 1995, two of the most destructive outbreaks on cotton occurred in the Lower Rio Grande Valley (Summy et al. 1996) and the Southern Rolling Plains of Texas (Huffman 1996) .
Outbreaks of beet armyworm are sporadic but develop rapidly, and because older larvae are difÞcult to kill with insecticides, early warning of population buildup is essential to effective intervention. Many factors contribute to beet armyworm population ßuc-tuations, including adult immigration (potentially from distant populations) and emigration; quality, availability, distribution, and preference hierarchies of alternate hosts; and abundance, distribution, and community composition of natural enemies. All of these factors involve complex interactions which are difÞ-cult to assess, and which make population predictions difÞcult. To make progress in understanding these challenging ecological and behavioral questions, it is critical that we understand components of the underlying basic biology of the insect. Several studies have dealt with beet armyworm fecundity and some of the environmental factors that may affect it (El-Sawaf et al. 1965; AÞfy et al. 1970; Fye and Poole 1971; Fye and McAda 1972; Ebeid 1981; Marti 1996, 1997) , but results have been variable, and issues such as the relationship between pupal weight (a function of larval food quality and quantity) and adult nutrition on fecundity have not been examined. For example, it is not known whether environmental conditions the adults face during their relatively short life span are important determinants of offspring production. Such information, which takes into account the age structure of the population, is requisite to creating baseline population growth models. Our objectives were to examine the relationships among pupal weight and potential and realized fecundity, to quantify oviposition and fertility proÞles as a function of age, and to determine the effects of different adult diets on these parameters.
Materials and Methods
Beet armyworm neonate larvae were obtained from a colony at the Kika de la Garza Subtropical AgriculThis article reports the results of research only. Mention of a proprietary product does not constitute an endorsement or a recommendation for its use by USDA.
ture Research Center in Weslaco, TX, and reared on a soybean-wheat germ diet (Shaver and Raulston 1971) . This colony was established from wild moths captured in the Lower Rio Grande Valley in 1997, and had therefore been in culture for 1Ð2 yr at the time the experiments were conducted. The insects were maintained in environmental chambers at 30ЊC, 85% RH, and a photoperiod of 13:11 (L:D) h. Pupae were sexed and placed in individual cups until adult emergence. Previous observations indicated that under our rearing conditions pupae lose weight continuously until adult emergence, presumably through transpiration of water vapor from the spiracles. Therefore, all pupae were weighed 4 d after pupation.
To determine initial potential fecundity, 50 females were dissected on the day of emergence. The ovaries were dissected by placing the female dorsum side down and applying pressure to the abdomen until the ovipositor protruded. The ovipositor was grasped with forceps and the entire ovary removed and placed in a drop of RingerÕs solution on a glass slide. The ovarioles were completely separated and the number of oocytes recorded.
To determine realized fecundity, deÞned as the lifetime number of eggs oviposited, females and males were placed as pairs in 0.5-liter cardboard containers on the day of emergence to allow mating. The pairs were separated the following day and females allowed to oviposit until death. The interior wall of each container was lined with waxed paper as oviposition substrate. All mated females were supplied with a watersoaked cotton ball. In addition, two groups of moths were supplied with a carbohydrate diet consisting either of a cotton ball soaked with 10% honey or with 10% sucrose. Sucrose is the sugar found in nectar, whereas honey contains primarily glucose, fructose, and small amounts of proteins, vitamins, and minerals (Romoser 1973) . Containers were examined daily to record adult mortality and to remove and record eggs. Beet armyworm eggs held at 30ЊC hatch within 2Ð3 d (Butler 1966 , AÞfy et al. 1970 , Fye and McAda 1972 , Ali and Gaylor 1992 . All eggs collected in this study were observed for 3 d to determine the number that successfully hatched. Moths were dissected after they died to determine the number of oocytes remaining. Lifetime potential fecundity was calculated as the realized fecundity plus oocytes remaining in the ovaries at the time of death. There was no evidence of disintegration of oocytes between the time of death and dissection.
All statistical analyses were performed with Statistix software (Analytical Software 1998). The nonparametric KruskalÐWallis test (Kruskal and Wallis 1952) was used to separate multiple means after an initial Kruskal-Wallis test indicated a signiÞcant treatment effect. Linear regressions were performed to elucidate the relationships of realized and potential fecundity to pupal weight.
Results and Discussion
Only six of the 140 females examined in this study oviposited on the night of mating, and the rest Þrst oviposited on the following night. The number of eggs oviposited was greatest on the Þrst day of egg laying, and decreased logarithmically thereafter (Fig. 1) . This pattern is similar to that of other noctuids including Helicoverpa armigera (Hubner) (Jallow and Zalucki 1998) , Sesamia nonagrioides Lefebvre (Robert and Frerot 1998) , and Spodoptera pectinicornis (Hampson) (Wheeler et al. 1998) . Fye and McAda (1972) reported a different temporal pattern of oviposition for beet armyworm maintained on a diet of 5% honey at 30ЊC. Peak egg laying in their study occurred on the fourth day of ovipositional activity instead of the Þrst as in the current study, and 90% of realized fecundity occurred by the seventh day instead of the fourth. The reasons for the differences are unclear, but lifetime realized fecundity observed by Fye and McAda (1972) averaged only 637 eggs, compared with 1,382Ð 1,507 oviposited by carbohydrate-fed moths in our study ( Table 1) , suggesting that rearing conditions may not have been optimal for the insects in the former work. There are several other reports of relatively low lifetime realized fecundities of 500 Ð900 eggs in laboratory-reared beet armyworm (El-Sawaf et al. 1965 , AÞfy et al. 1971 , Ebeid 1981 , Rogers and Marti 1996 , but others have reported fecundities in the (Table 1 ). In all of these studies, the moths were maintained on a 5Ð10% honey solution at 25Ð30ЊC. Sappington et al. (2001) found that the number of eggs per egg mass oviposited on cotton in Þeld cages by beet armyworm moths from the same colony during the same time period as the current study did not differ with that of feral moths reared on cotton, and that placement of eggs in the canopy by the two groups differed only slightly in one dimension. Given these similarities between the colony and feral moths, and that the realized lifetime fecundity measured in the current study is in the high range of those reported in the literature (suggesting our rearing conditions were not limiting), we are conÞdent that the results reported here are reßective of wild beet armyworm characteristics. Differences in plant hosts may affect fecundity, and studies are underway to examine this possibility.
Adult diet signiÞcantly affected beet armyworm female longevity, the duration of the oviposition period, and both realized and potential fecundity (Table  1) . Carbohydrates in the diet signiÞcantly increased these parameters over a water-only diet. Female longevity was greatest among those fed the honey solution (17 d; Table 1), and it is similar to data on longevity of females reared in similar conditions reported by others (16 Ð19 d) (AÞfy et al. 1970; Marti 1996, 1997) , but greater than that reported by El-Sawaf et al. (1965) (6 d) and Fye and McAda (1972) (10 d). Adult diet did not affect the number of eggs laid on the Þrst 2 d of oviposition. However, the number of eggs laid on days 3Ð5 by females on a water-only diet was signiÞcantly less than that of moths fed honey or sucrose diets (Fig. 1) . By day 5 of oviposition, water-fed females began to die in large numbers, but because the bulk of eggs presumably were laid in the Þrst 4 d (92% for honey and sucrosefed females combined), the overall reduction in lifetime realized fecundity was small (12%) compared with carbohydrate-fed females (Table 1) .
Egg fertility was Ͼ90% over the Þrst 4 d of ovipositional activity for moths on sucrose and honey diets (Fig. 2) . Infertility began to increase by the Þfth day in both groups, but to a greater extent among moths on the sucrose diet. Fertility of eggs from water-fed females was similar to that of eggs from carbohydratefed moths through the Þrst Þve days, but adult mortality among the former was too great thereafter to permit comparisons. Infertility was signiÞcantly greater among those eggs oviposited by sucrose-fed moths on the seventh day and later days than those oviposited by honey-fed moths (KruskalÐWallis statistic ϭ 7.23, n ϭ 76, P ϭ 0.0064) (Fig. 2) . It is possible that the increase in percent infertile eggs was due to exhaustion of the sperm supply. Rogers and Marti (1996) found that fertility of females (fed 10% honey) increases with number of spermatophores received by the female over a lifetime. However, lifetime fertility in that study was very low: 16% in females receiving only one spermatophore, and 51% in females receiving two spermatophores. In the current study, females presumably received only one spermatophore because they were paired with a single male for only one night. Nevertheless, lifetime fertility of females fed 10% honey averaged 91% (Table 1) . Guerra and Ouye (1968) reported fertility of 87Ð92% among replicates of 20 eggs each oviposited by females maintained on a 5% sucrose diet. The difference between sucrose-fed and honey-fed treatment groups at seven-plus days (Fig. 2) suggests a differential effect of diet on fertility late in life. However, because most of the lifetime complement of eggs were oviposited before percent infertility began to increase at day 5 (Fig. 1) , the biological impact of the observed late rise in infertility is likely to be negligible.
The number of oocytes present on the day of eclosion was positively related to pupal weight at 4 d, but this relationship explained only 24% of the variation among moths (Fig. 3A) . Potential fecundity was related positively to pupal weight (Fig. 3 BÐD) , with the strongest observed relationship among water-fed females (Fig. 3D) . For all diet treatments, the strength of the relationship of accumulated realized fecundity to pupal weight improved from the Þrst through the Means followed by the same letter within a row are not signiÞcantly different, KruskalÐWallis test (␣ ϭ 0.05). Realized fecundity was deÞned as the lifetime number of eggs oviposited. Potential fecundity was calculated as the realized fecundity plus any oocytes remaining in the ovaries at the time of death. third day of oviposition, and data from females of the water-fed treatment are presented as an example (Fig.  4) . A similar tightening of the relationship through the Þrst three days of oviposition was reported for the Mexican rice borer, Eoreuma loftini (Dyar) (Spurgeon et al. 1995) .
Our data suggest that the beet armyworm does not eclose with a full lifetime complement of oocytes. The number of oocytes present at eclosion (1,285 Ϯ 32.7, n ϭ 50) was signiÞcantly less than lifetime potential fecundity for carbohydrate-fed moths (1,469 Ϯ 37.1, n ϭ 96) (t ϭ 3.25, df ϭ 144, P ϭ 0.0014). In contrast, lifetime potential fecundity of water-fed moths (1,220 Ϯ 59.5) was similar to that of moths dissected at eclosion (t ϭ 1.00, df ϭ 90, P ϭ 0.3179), suggesting that carbohydrate in the adult diet can increase life- time realized and potential fecundity. However, most of the lifetime egg complement in carbohydrate-fed moths is present at adult eclosion (91%; Table 1 ). Because pupal weight has some inßuence on the initial complement of oocytes (Fig. 3A) , and because the larval host can effect pupal weight (Meade and Hare 1991) , the quality of the larval diet likely affects adult fecundity. Ali and Gaylor (1992) found that pupal weights of larvae reared on cotton averaged roughly 90 mg, whereas those reared on pigweed averaged roughly 120 mg. Our data suggest that a difference in pupal weight of this magnitude would result in a decrease in the initial egg complement of Ϸ200 eggs (Fig.  3A) , or 15%.
